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ABSTRACT 

Temperature-dependent  current-voltage  { l-V)  characteristics  have 
been  observed  in  a  new  type  of  thin-fiim  diode,  consisting  of  Al,  Ai203,  Mn, 
MnxOy,  and  Pb.  Piots of  in  1-V1/2,  din  l/dY,/2  -  1/T,  and  InO/T2}  -  1  IT 
(where  T  is  temperature  In  °SO  can  be  fitted  by  straight  lines  which  show 
that  Schottky  emission  Is  the  dominant  current-flow  mechanism  over  the 
temperature  range  of  190°K  to  about  3B0°K,  Barrier  thicknesses  were 
dete-  mined  by  high-frequency  capacitance  measurements  and  found  to  lie 
between  100  A  and  250  A.  Relative  work  functions,  between  the  aluminum 
and  lead  films,  were  found  to  lie  between  0.25  and  0.50  ev.  One  of  the 
diodes  was  tested  at  60  Hertz  for  124  hours  without  causing  a  significant 
change  in  the  diape  of  the  l-V  characteristic.  It  Is  concluded  that  nominal 
refinement  of  the  fabrication  technique  will  lead  to  a  varistor  thin-fiim 
diode  which  is  inexpensive  and  which  has  long-term  stability. 
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The  following  questions  are  designed  to  elicit  comments  that  will  help  NCEL  improve 
the  quality  of  its  reports.  Specific  and  detailed  answers  will  be  most  appreciated. 


i.  Was  the  technical  material  worth  publishing? 


3.  Were  the  title,  abstract,  and  introduction  indicative  of  the  reports1  contents? 


4.  Did  the  report  contain  any  unnecessary  or  irrelevant  materia!;  or  did  it  lack  essential 
material? 


5.  Do  you  have  any  comments  about  the  typography  used,  the  layout  of  the  report,  or  is 
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INTRODUCTION 


This  report  describes  experimental  work  at  the  Naval  Civil  Engineering 
Laboratory  (NCEL)  on  fivo-layer  tHn*fi!m  structures  with  Schott ky-emission 
current-voltage  (1-V)  characteristics.  The  thin-film  devices  were  constructed 
by' vacuum  deposition  and  are  of  the  metal-lnsulator-metal  type.  The  insula 
tor  structure  cannot  be  precisely  described  at  this  time,  but  for  discussion 
purposes  It  Is  presumed  to  be  a  triple-layer  system  which  -consists  of  a  metal 
film  sandwiched  between  two  metal-oxide  films.  Hence,  the  complete  diode 
system  will  be  designated  by  the  five-symbol  array  M/f/M/l/M,  The  work, 
was  done  for  the  purpose  of  developing  an  Improved  thin-film  voltage 
regulator  of  the  metal-barrier-metal  fM/B/M)  type.  The  M/8 IM  diode  that 
has  a  pure  oxide  barrier  has  neither  long-term  stability  nor  high  current- 
carrying  capabilities,  by  t  it  does  have  a  symmetrical  l-V  characteristic.  This 
advantageous  characteristic  requires  two  back-to-back,  conventional 
metal-oxide  semiconductor  diodes.  Hence,  the  deW'iament  of  an  M/B/M 
diode  that  does  have  long-term  stability  and  high  cu  .sht-carrying  capabilities 
will  result  in  Increased  component  density  for  Integrated  circuitry  at  a 
reduced  overall  cost. 


The  attempt  to  develop  an  Improved  thin-film  voltage-regulator  diode 
was  inspired  by  the  discovery  in  fiscal  year  65  of  a  new  type  of-thin-film 
system  with  a  symmetrical  voltage-regulator  1-V  characteristic1  which  could 
be  approximated  by  Vx,  where  x  ~  2,  Thls  thin-flim  system  consisted  of 
Af,  Ai203f  Mnf  Mn,Oy,  and  Pb.  No  attempts  nave  been  made  as  yet  to 
determine-  the  manganese-oxide  structure  by  electron  of  X-ray  diffraction 
patterns,  hence  the  x  and  y  subscripts  for  the  stoichiometry.  Although  other 
ampler  thln-f  Ilm  systems,  particularly  ihe.M/1/M  structure  with  AI^Qj  as 
insulator,  had  symmetrical  voltage-regulator  l-V  chorocterktics.  oniy  the 
five-film  system,  A 1/A l203 M n/M nr  QJPb,  could  be  driven  at  60  Hertz  and 
at  a  useful  current  density  for  a  relatively  long  time  without  causing  the  I-V 
pattern  to  become  ohmic  or  a  dead  short. 

During  the  fiscal  year  65  investigation1  many  of  the  Al/AfsCMPb 
diodes  exhibited  symmetrical  Fowler-Nordheim  1-V  patterns  order  DC 
excitation.  These  patterns  could  be  reproduced  only  a  limited  number  of 
times,  but  it  was  believed  that  development  of  the  frve-fi 
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pplntwhere  a  relatively  high  percentage  at  the  five-layer  diodes  have  highly 
■gtghig  |i'y  •  Qhjf§r|efisucs  which  BrB  lemoeraturs  dsosnosnt  o no  consistent 
With  the  theory  of  Scnoukv  emission  into  y somm,2  In  most  cases,  the  t-V 
patterns  are  nearly  symmetrical  at  <60  Hertz,  and  at  room  temperature .exhibit 
a  higher  degree  of  bending  than  a  space-charge-llmited  characteristic  {I  = 
const  x‘V- j  for  a  comparable  current  and  voltage  range.  Figure  1  compares 
the  I-V  characteristic  of  one  of  the  Schottky  thin-filrn  diodes  withthe 
fpgnrpfj.~ji  i_\/  p"!?prn£  for  ^piic^-chsf*!^-!  I— hed  and  F ovvie^* N ord h^im 
behavior 


DIODE  FABRICATION 

Fjyedaver  sandwiches  were  constructed  by  first  evaporating  a 
t-mm  yyide  a!urnlnum4ilm  strip  onto  a  glass  substrate  cut  front  a  microscope 
aide.  The.aiumlnurhivvas  oxidlzedrfor  a  feyr  minutesrlh  air  at-roorh  tempera* 
tMrgrbiidiatmp^heriCipr^u ire;  then,  atapressore  around  8  x  1  0~=  torn,  a 
^0i^;vylde:sirIp:ohmanganese  was  evaporated  oyer; and  perpendicular  to  the 
aju  minum ;  strip., 

Tj^iman^neK^epDSitipn  was  carriedjout  after  a  preheat;  period  of 

dfnr^  mlhjsrss.  nisrlng-vyhich  no.nietal  deposition  was  deiectafc-le  by'the 
tafrrentimea^ifina^system  sLonecfeddcr  the  tvvo  indium  patches,  one  on  each 
;sde  ofithe^jpstrate,  Theupper limit mi  measurement was  3>;  10b  SI/ square. 
Man93n&®w’as  deposited,  by  evaporatingmaracoese  powderfroma  small 
graphiie;cruclb!a  thatAvas  cutdrom  aT/4-mcn  gtectrOTiaphsc  rod  and  was 
resistance-heatedrbv  adantalum  basket,  During  the  preheat  and  .deposition 
periodsdhe;sjbstra te  was  positioned  a  few  centimeters  tmove  the  soufce. 
temperaturei  measured  bwa  thermocoupie  attached-to  tne.  opposite  side  o  -  - 

rs  H :ri  ririt  py/^ppH  :-t*V  :  if  _ 

It-  -y  yvii  ^  tv=  !4  -  a.  HAiAiuti  vn-'v.  rs._ 

Immediately-after  deposition  oi--the  manganese  film.Ane  meoganss? 

_  slo>vly  pxidii&d  in  the  residuabairmfthg  bell  jab  which  was  at  a  pressure- 
between  Ea-lO*8  and  8x  l0~°  torn  This  oxidation  caused  the  film  resistance 
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MEASUREMENT  TECHNIQUES 


Manganese  resistance,  a.  a  function  of  time,  vvas 
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From  Equation  «,  the  slope  of  In  i-V1/2  is  a(1/ea}1/2/T,  which  yields 
the  value  of  e  a.  Thus,  from  the  diode  capacitance,  given  approximately  by 
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Figure  6  shows  the  l-V  plot  of  io,s - — - - - 

an  Al/AUO-/Pb  diode  for  which  the 
aluminum  was  oxidised  GO  minutes  in 
air  at  ambient  temperature  and 
ambient  pressure.  For  1,2  ev 

^  2.0  ev  and  a  -  50  A,  the  — - - - - 

Fowler-Nordheim  plots  would  lie  ®  ’ 

between  the  two  calculated  Fowier- 
Nordheim  curves  shown  in  Figure  6. 

Nelson  and  Anderson4  found  the 
photqihreshoid  to  be  around  2.0  ev 

for  light  absorption  in  the  overlayer _ 

of  Ai/Al203/Al  diodes  with  ~  50  A 
aluminum  oxide  layers.  It  Is 
reasonable  to  assume,  therefore, 
that  the  diode  of  Figure  6  has  an 

oxide  thickness  not  greater  than  1  i.o - - ^ 

60  A.  This  is  to  be  expected,  since  **  - ’~~f 

50  A  Is  well-known  to  be  close  to  —  T 

the  upper  limit  on  tunneling  thickness;  i  f~ 

and  the  experimental  plot  of  Figure  6  T  f~~ 

Is  clearly  a  tunneling  Curve  and  not  — — — — - -I+- — 

consistent  with  some  other  current-  _r 

flow  mechanism  which  cou  Id  occur  ”  f~ 

in  thicker  oxide  layers.  The  conclusion  / 

thatthe  aluminum  Oxide  layers  in  '  j 

either  the  three-layer  or  five-layer  / 

Omoes  are  not  thicker  than  oO  A  is  tn  _ _ _ ^ 

agreement  also  with  the  findings  of 
Hart,5  According  to  Hart,  aluminum 
oxide,  produced  by  oxidation  in  pure 
oxygen  at-room  temperature  and 

atmospheric  pres&jra,  reaches  a  e.t  - - - - 

limltina  thickness  of  35  A  to  45  A  in  1  ,  _  2  , 

@  Period  Qf  -| _ Vs-'-  tvofa  /Jfi 

at  300°K  and  760  torr,  g  10  A  layer 

of  a  tew  seconds.  Hence,  the  few-minute  exposure  of  the  aluminum 
five-layer  diodes  is  assumed  to  have  produced  aluminum  oxide  layer: 


i  O  d3?3  of  Figure  4 
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where  as  =  the  linear  dimension  of  an  average-size  metal  granule.  Thus,  it  is 
possible,  theoretically,  for  pF/p0  to  be  about  1CT.  On  the  ether  hand,  in  the 
boundary-scattering  theory,  Pf/Pc.  is  given  by 
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Temperature-dependent  Current-voltage  fl-Vl  characteristics  nave-been  observed  in  a  new 


d  In  i/dVft  --  1/T,  and  in{i^T*|  -  1/T  (where*  T  ss  temperature  in  WK}  csn  be  fitted  by  strains 
lines  which  draw  that  Schottky  emission  is  the  dominant  current-flow  mechanism  over  the 
temperature  range  of  190®K  to  about  SoO^K,  Barrier  thicknesses  wens  determined  by 
high-frequency  -capacitance  measurements  and  fours  to  he  between  100  A  end  250  A. 

Relative  work  functions,  between  me  aluminum  and  lead  films,  were  found  to  lie  between 
0,25  and  0,50  evx  One  of  die  diodes  was  tested  at  60  Hem  for  124  hoots  without  causing 
a  Significant  change  In  the  shape  of  the  l-V  characteristic.  It  is  concluded  that  nominal 
refinement  of  the  formation  technique  will  lead  to  a  varistor  thin-film  diode  which  is 
inexc=enshrg  and  which  has  lone-term  stability. 


